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Abstract 
Oil shale is a sedimentary rock, it is increasingly attracting widespread attention as petroleum supplement energy. Using borehole 
hydraulic mining techniques to mine oil shale seams at a certain depth in the underground, first and foremost is the use of high
pressure water jet to make the overall oil shale ore broken into small pieces and peel them off parent rock. Based on the bionic
theories, to design the bionic nozzles are adding several bionic units in the internal flow channel surface of the nozzle, it makes 
the original smooth flow channel inside the nozzle has become bionic non-smooth surface structure, to some extent, effectively 
improved the hydraulic characteristics of the nozzle internal flow channel, and reduced the flow resistance of the water. Based on 
CFD simulation and analysis, the reasons for upgrading effect of the crushed oil shale by the bionic nozzle high pressure water
jet are analyzed. Experiments show that, in the same working conditions, bionic nozzle compared with the normal nozzle of the 
same structure parameters, the diameter of the erosion and crushing pit on oil shale samples expanded 4mm, and the crushing pit
depth deepened 3.8mm using bionic nozzle. 
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1. Introduction 
Oil shale is a kind of solid combustible organic rock, and belongs to the sedimentary rocks of three major rock 
categories. With the oil sands, coal-bed methane resources, it is collectively referred to as nonconventional oil and 
gas resources. With the advent of the era of high oil prices, as a supplementary energy of petroleum, oil shale has 
attracted worldwide attention.[1-2] Oil shale borehole hydraulic mining, within the borehole through seams, with 
high-pressure water jet washing out and cracking oil shale seam, so that the original integrity of the oil shale ore is 
broken into small pieces and peel off the rock, form a kind of water-mineral mixture at the bottom of the hole, which 
can be delivered to the surface using the hydraulic (pneumatic) power equipment. [3-4]In the implementation process 
of the technology, the most important is the use of high pressure water jet washing out and break oil shale ore into a 
small particles .As a core actuators of the high-pressure water jet, the nozzle’s hydraulic characteristics of the merits 
directly impacts on wash out and crushing effect of high pressure water jet, so the study of the structure of the nozzle 
is extremely necessary. The paper, that the non-smooth surfaces drag reduction theory of bionics [5-6] is applied to the 
nozzle structural design improves the hydraulic characteristics of high-pressure water flow inside the nozzle. From 
the perspective of bionic drag reduction to promote the striking force of nozzle high pressure water jet, it strengthens 
the crushing effect of high-pressure water jet on oil shale. 
2. The Nozzle for High Pressure Water Jet Crushing Oil Shale 
2.1.  Ordinary Nozzle for High Pressure Water Jet Crushing Oil Shale 
There are many types of nozzle for high pressure water jet, but the project adopts the most used straight cone 
nozzle, which its speed factor is up to 0.98, and easy processing [7-9]. Based on this, the straight cone nozzle was used 
for high pressure water jet crushed rock. Fig. 1 is the three-dimensional model of an ordinary nozzle which produces 
high pressure water jet crushing oil shale and the schematic diagram of its internal flow channel.  
Fig.1 Three-dimensional Model of Ordinary Nozzle and Schematic Diagram of its Internal Flow Channel 
2.2.  Bionic Nozzle for High Pressure Water Jet 
In order to enhance striking the force of high pressure water jets, the bionic nozzle which produces high pressure 
water jet for crushing oil shale reduces resisting force of the high pressure water flowing past the nozzle using these 
non-smooth grooved surface in the interior of the nozzle flow channel,. In this paper, the bionic nozzle adopts ring 
grooves as its bionic unit on its internal flow channel surface. Fig. 2 is the schematic diagram of bionic nozzle 
internal flow channel for high pressure water jet. 
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